It is shown that metric representation of DNA sequences is one-to-one. By using the metric representation method, suppression of nucleotide strings in the DNA sequences is determined. For a DNA sequence, an optimal string length to display genomic signature in chaos game representation is obtained by eliminating effects of the finite sequence. The optimal string length is further shown as a self-similarity limit in computing information dimension. By using the method, self-similarity limits of bacteria complete genomic signatures are further determined.
Suppression of certain nucleotide strings in the DNA sequences leads to a self-similarity of pattern seen in the MR of DNA sequences. In this paper, first, we show that the MR is one-to-one. Due to the MR method, we determine suppression of nucleotide strings in DNA sequences. Then, eliminating effects of finite sequences on suppression of nucleotide strings, we give an optimal string length to display genomic signature. Moreover, we plot information function versus string lengths to determine self-similarity limits in MR images.
Using the method, we present self-similarity limits of bacteria complete genomic signatures.
II. SUPPRESSION OF NUCLEOTIDE STRINGS
For a given DNA sequence, we have a one-dimensional symbolic sequence s 1 s 2 · · · s i · · · s N (s i ∈ {A, C, G, T }). In a two-dimensional MR, we take the correspondence of symbol s i to number µ i or ν i ∈ {0, 1} and calculate the values (α, β) of all subsequences Σ m = s 1 s 2 · · · s m 
where µ i is 0 if s i ∈ {A, C} or 1 if s i ∈ {G, T }. Similarly, the number β is defined as
where ν i is 0 if s i ∈ {A, T } or 1 if s i ∈ {C, G}. According to (1) and (2), the onedimensional symbolic sequence s 1 s 2 · · · s N is partitioned into 4 kinds of subsequences, which correspond to points in 4 fundamental zones A, C, G and T of Fig. 1 . Under left or right shift operators, each zone can be further shrunk to less zones with a factor of 1/3 2 . For an infinite sequence, this procedure can be defined as a fractal [8] , which has a self-similarity. The subsequences with the same ending k-nucleotide string are labeled by Σ (k) . All subsequences Σ (k) correspond to points in the zone encoded by the k-nucleotide string.
. S is a left shift operator.
PROOF: Note that for the left shift operator, S(Σ m ) = Σ m s m+1 . From the definition (1) and (2), we can immediately obtain the result.
. By the Lemma 1, we can ob-
So, using the supposition (α, β)
By the Lemma 2, each finite subsequence Σ m has a correspondent infinite sequence
Here, we define a set of the infinite sequences as Σ.
Theorem 1 (α, β) : Σ → Λ is one-to-one. Λ is a set of points in the (α, β) plane.
This means that given
give a proof by contradiction. Suppose (α, β){Σ 1 } = (α, β){Σ 2 } and is marked as P in the the (α, β) plan. For the zone including the point P , we encode it as two subsequences we can obtain two encoding subsequences Σ 
along the α axis, we can obtain
for k-nucleotide strings as follows. For the k-nucleotide strings, there exist 2 k × 2 k zones in the MR. The left half (0 ≤ i ≤ n k−1 − 1) of partition lines along the α axis are described as follows
From (3), the right half (n k−1 ≤ i ≤ n k − 1) of partition lines along the α axis can be determined immediately
For example, for trinucleotides, 9 partition lines along the α axis are 0, Using the MR method, we determine suppression of k-nucleotide strings in HUMHBB (human β-region, chromosome 11) with 73308 bases and YEAST1 (yeast chromosome 1)
with 230209 bases in Table I , respectively. In order to check efficiency of the method, we also determine the number of disappearing strings in all strings for a giving string length in HUMHBB and YEAST1, respectively. The results are identical with those in Table I, respectively. So, the MR method is effective to determine suppression of nucleotide strings in DNA sequences.
In CGR of DNA sequences, self-similarity patterns change more obscurely as lengths of sequences increase. A grey plot describes frequency values in small zones, which sizes (2 −k × 2 −k ) can be given by lengths of strings encoding the zones (k). Along with increase of string lengths, the self-similarity patterns in CGR are more clear. A high and low frequent zones are redivided to smaller and described by a grey scale. Some empty zones may appear in the patterns of CGR, i.e., some nucleotide strings are suppressed in the sequences. In the procedure of decreasing zone sizes, more and more empty zones emerge in the patterns of CGR. For example, evolution of a self-similarity pattern in CGR of the archaebacteria Archeoglobus fulqidus is shown in Fig. 1 of Ref. [6] . If DNA sequences are infinite, the compositional structure can be displayed in small enough zones. Empty zones are a part of the global feature in CGR. But the DNA sequences are finite. A finite sequence, even a random sequence, may also lead to suppression of strings. Along with increase of string length, more and more strings are suppressed in the finite sequences.
In Table I , we compare the suppression of nucleotide strings between DNA and random sequences with the same length. Suppression of nucleotide strings for HUMHBB starts at k=5. For a random sequence with the same length, which is given by using a random number generator [9] , suppression of nucleotide strings is delayed to start at k=7. The number of suppressed nucleotide strings for the random number is 5.67% of that for HUMHBB.
The finite sequence of HUMHBB effects on the suppression of 7-nucleotide strings. Along with increase of k, numbers of suppressed nucleotide strings for the random number more increase and approach those for HUMHBB. At k =10, the number of suppressed nucleotide strings for the random number is 99.3% of that for HUMHBB. In this case, suppression of nucleotide strings in HUMHBB is mainly caused by the finite length of sequence. Moreover, suppression of nucleotide strings for YEAST1 starts at k=7. For a random sequence with the same length, which is given by using a random number generator [9] , suppression of nucleotide strings is delayed to start at k=8. The number of suppressed nucleotide strings for the random number is 22.7% of that for YEAST1. The finite sequence of YEAST1 effects on the suppression of 8-nucleotide strings. At k=10, the number of suppressed nucleotide strings for the random number is 97.5% of that for YEAST1. Due to the comparison of suppression of nucleotide strings, we can thus obtain that HUMHBB and YEAST1 have shorter suppressed nucleotide strings than random sequences with the same lengths, respectively. Along with increase of string lengths, the finite sequences take stronger effects on suppression of nucleotide strings.
In order to display genomic signature, we must eliminate effects of finite sequences on suppression of nucleotide strings. For a DNA sequence, we take the longest string length before suppression of nucleotide strings in a random sequence with the same lengths as an optimal option of string lengths. According to the definition, string lengths 6 and 7 can be chosen as optimal options for genomic signatures of HUMHBB and YEAST1, respectively.
III. LIMITS OF SELF-SIMILARITY SCALES
Suppression of certain nucleotide strings in the DNA sequences leads to a fractal pattern seen in the MR of DNA sequences. To quantify the fractal feature in the MR of DNA sequences, we introduce information dimension. For a given length k of nucleotide strings, and Z(ǫ), respectively. Dividing the number m i (ǫ) by the total point number M yields a probability p i (ǫ) for the i-th zone. Information function and dimension for the points in MR are respectively defined [10] as
and
The information function I(ǫ) during a range of log(1/ǫ) has a scaling region. The scaling region reflects the self-similarity of pattern in the MR. The information dimension D 1 can be found from the slope in scaling region I(ǫ) versus log(1/ǫ). When the length ǫ of a zone in MR increases from 3 −k to 2 −k , MR of DNA sequences changes to CGR. Information dimension in CGR can thus be determined as (log 2 3)D 1 . We compute information function I(ǫ) with different sizes ǫ for HUMHBB and draw in Fig. 2 . A linear part of the curve I(ǫ) versus log(1/ǫ) emerges between log(1/ǫ) = log3 = 1.10 and log(1/ǫ) = 6log3=6.59. A fitting line is also draw in Fig. 2 . The point for log(1/ǫ) = 7log3=7.69 is started leaving from the line. Along with the decrease of log(1/ǫ), farther and farther the points leave from the line. Since points in the zones correspond to k-nucleotide strings, we can obtain that the self-similarity of pattern in the MR preserves approximately from mononucleotides to 6-nucleotide strings, as well as the suppression of many nucleotide strings emerges at 7-nucleotide strings. Using the least-squares fit method [9] for the liner part, we determine its slope, i.e., information dimension D 1 , to 1.20. It is less than the information dimension 1.26 for random sequence with the same length. Moreover, in Fig. 3 , we draw information function I(ǫ) versus log(1/ǫ) for YEAST1. A linear part of the curve I(ǫ) versus log(1/ǫ) exists between log(1/ǫ) = log3 = 1.10 and log(1/ǫ) = 7log3=7.69. We can obtain that the suppression of many nucleotide strings in YEAST1 emerges from 8-nucleotide strings. Using the least-squares fit method [9] for the liner part, we also plot a fitting line in Fig. 3 and determine its slope, i.e., information dimension D 1 , to 1.22. It is less than the information dimension 1.26 for random sequence with the same length. The limits of self-similarity in MR of HUMHBB and YEAST1 are equivalent to the optimal string lengths for genomic signatures, respectively. Thus, for presenting genomic signature, a self-similarity limit as an optimal string length can be determined in computing information dimension.
Using the MR method, we determine suppression of k-nucleotide strings of bacteria complete genomes in Table II , where we put suppression of k-nucleotide strings in the order of decrease. For each of the bacteria complete genomes, a linear part exists in the plot of information function I(ǫ) versus log(1/ǫ). From the linear parts, we determine self-similarity limits of genomic signatures in Table II . Keeping in the order, we find the suppression of bacteria complete genomes does not necessarily depend on the lengths of sequences. The common optimal string length for the bacteria complete genomic signatures can be chosen as 7.
IV. CONCLUSION
In summary, we have shown MR of DNA sequences is one-to-one. Due to the MR method, suppression of nucleotide strings in the DNA sequences is determined. For a DNA sequence, an optimal string length to display genomic signature is obtained by eliminating effects of the finite sequence. The optimal string length is further shown as a self-similarity limit in computing information dimension. By using the method, self-similarity limits of bacteria complete genomic signatures are further determined.
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